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would catch the top of the tool, bump it until the core 
had dropped down the hole, and delay progress lanient- 

grounds among the 

not far from the sulphur ban!. #ut it was not hot, a t  
all, only about 100 F. a t  the hottest, and the hot.t.est 
lace was only 20 feet down, while below i t  was cooler! 

fts minerals and its gases were lava ltnd air. Its tem- 
erature changes were neither gradual nor consistent. 

hesumably it was cooled or warmed locally by inclined 
cracks bringing up air or vapor. 

The rest of the boring was done with the shot drill at  
the sulphur banks, extending the 50-foot hole to 70 feet, 
losing two bits in its hot depths and sinking two more 
shallow holes on each side of it for tapping the steam zone. 
B casing the dee er hole with cement (for convenience 

the 50-foot level t.han from t,he 1.5-foot level. Therefore 
the two side holes were lowered only 15 feet., and the 
battery of three holes was pi ed to the adjacent steam 

power, condensation of water, and corrosive action of 
this va or on metals. No new temperature data were 

Throughout all the holes a t  this place the temperature 
was 204' F. 

The discovery that more steam lies just below the ash 
beds than at 70 feet down seems to imply that the steam- 
hearing veins outcrop on an inclined zone crossed b the 
drilling in the upper levels of the wells. At t,he Lwer 
levels the drillin had penetrated the foot\vall. and here 

Thus have these reliminary horings a t  Kilauea Volcltno 
thrown light on Jfferences of subsurfacp teni eratures 

explored the possibilities of method. Hammer drilling 

hole was in the observato 
warm vapor cracks of the up er e 'dr e of ICilaues Crater, 

o ? drilling) it was P earned that less steam rises from below 

laboratory for physical and c 7l eniicsl tests dealing with 

reveale x by this last spell of drilling a t  the sulphur banks. 

there was less su Ei phide as well as less stearn. 

and subsurface minerals and gases, but they R ave also 

with compressed air or electricity for holes not more than 
25 feet deep at  many places would be illuminating. Air 
hammers cut the lava rapidly in %inch holes a t  Hilo 
quarries and use very little water. They bore 25 feet in 
two hours easily. 'Zt is necessary to have large and 
powerful compressors and air tanks. It remains to be 
proved whether any system of hammer drilling can he 
made sufficiently portable to run a line of holes across 
Kilauea Crater in severd directions for measuring sub- 
surface temperatures under uniform conditions. 

In the work on Kilauea floor much was learned about 
hauling mater and drill rigs over lava top0 raphy without 

double tires on rear wheels. This did most of the work. 
Other kinds of tractors and trucks proved less serviceable. 
A way was searched out, marked with stones, beaten 
down and filled slightly, and then the rig was divided into 
ap roprinte loads and hauled t.0 its destination. 

i s  to deep drilling, the diamond is probably the roper 
tool and the center of tahe greater crater would E e the 
ideal place for trying it. I t  would be necessary to accu- 
mulate water in lar e tanks in advance and to be prepared 
for losses of valuab K e bits. Fifty t.housa.nd dollars might 
bore a hole there from one to two thousand feet deep and 
reveal in tensely interesting facts bearing on gases, min- 
erals, and temperatures. 

All the holes bored have t,heir openings cased and cov- 
ered, and these become valuable assets of t,he volcano 
observatory for furture temperature measurements and 

Nothing sensational has yet been 
reamed bearin on the utiliznt.ion of Rilauea pom7er. 

amount, hut no su erlieatetl steam at high pressure such 

Napa Springs, Calif., or in t.he Yellowstone Park. These 
places of high pressure steam are usually itof active 
volcanoes. 

roads. A Ford automobile was rigged wit a six gears and 

hysical experiments. 

There is avniln 7 >le power a t  the sulphur banks in small 

AS is used a t  Larcerello Q or such as may be available in 

ON T H E  PREDICTION OF TIDAL W A V E S '  

13.v H. H. Fixcii, hleteurologirjt. 551. S o y  : S5/. 4 6 L .  6 

.The earthquake of February 3, 1933, that had its 
ori in off the Aleutian Islands or the coast of Kamchatkir 
an the resdti tidal wave that notic.ea.bly influenced 
all the northern ialf of the Pacific Ocean, brings to mind 
the possibility of accurately predkting such waves. 

Tidal-wave predicting is not new; 111 fact, befort. ilie 
days of instrumental seisniology seismic sea waves often 
ave the first notice that an earthquake had occurred. 

fn  1904, Baron Kikuchi made t,lie strrtenient tl!al. '. fur- 
ther observations [on tsunami-tidal waves] niay l e d  
to important results, perhaps even to t'he prognostication 
of tsunami." 

Warning of the possibility of a tidal wave in Hawiian 
wateis was given about four hours in advance on Feb. 3 
at the Volcano Observatory and at  Kealakakua, both 011 
the island of Hawaii. At. t.he latter place the Hawaiian 
Volcano Research Association maint.ains a seisniogrtiph 
in charge of Capt. R. V. Woods. When the instruments 
were inspected about 8 A. ni. i t  wlts noticed that. a Itrrge 
.earthquake had occurred. 

Y % 

- _. - -. . .. 
I Tldd waves as here considered as the popular tern1 Inr what might IUOW ptwprrly 

he called sekmir sea waves. Captain Woods immediately notlfled d l  interests ;rlunK 
the c m t  on his side of the Wand to look out for a tidal wave. ople at Volraun 
Hnwe and flt Hilo were notlfld that thera,ms d 1moasibillcs wave about 12 
o'rlock. The wave reached Hllo at appn)ximatrly 1230 p. m. and Haleiwa, on north- 
western Oahu, about 235 miles northwest, at I202 p. N. At Hl! there was one Iptallty. 
Considerable property damage was do? at fhlo and at Kahalui, island of MLIUI. 

8 Pub. EorlhQwkr Inwta. Comn. Forctgn Longvogca, No. 19, 19Q4. 

There is considerable discrepancy in the distances as 
given by several seisniographic stations but the time at 
the origin w t ~ s  probably close to 16h. 03m. G. M. T. or 
5:32 u. m. Hawaiian standard time. The velocity of the 
sea waves to Hilo was about 7.5 niiles per rninute. 
- I t  is obvious that a displacement of a considerable area 
on the ocean floor, the cziuse of ractically all tidal waves, 
will produce several wt~ves of diierent size. The velocity 
wit.11 which the laige and small waves travel even over 
the same ocean stretch is difl'erent and the total duration 
of the seisniic mi waves produced is a variable and de- 
pends, among other things, largely on the distance from 
the source. The velocity of the large waves is a function 
of the oceiiii dept,li. h the depth between any two point,s 
in most oceam is not uniform, and also islands and shoals 
intervene, no simple equation between velocity, gravity, 
and depth is satisfactory for computing the transit time 
of seismic sea waves, rather the problem resolves itseli 
into intwrating for several average depths. The ob- 
servetl vefocities ra e from :j to f i  miles per minute de- 

The numher of earthquakes followed by Mal  waves is 
rather small, though larger than would be ex ected if 
judged by press reports. Undoubtedly many ti B a1 waves . 
pending on the dept ? i.3 

3 Jour. Cd. Sri. /PP. Link.  Tokyo. vol. 24, 19W dso Davison. ,Idanuol 01 Sciarnology 
p. 93. 
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am so small when the reach inhabited coasts that they 

waves vary from 81 feet, actuttl measurement (210 feet 
reported in another case) to less than an inch. The 
period of the waves as well as their height depends on 
the size and shape of the bay affected as long ago pointed 
out by Omori. Where deep water occurs right up to 
the shore line the waves have but little effect and may 
even escape detection wlde the same wave may be de- 
structive on an adjacent coast that is bounded by shallow 
water. It has been found that for several Japanese bays 
and some others that the periods of the waves are coii- 
stant for each bay whatever the source and are the 
fundamental periods of the bay.3 The periods as ob- 
served vary from 5 to 30 or more minutes. The length 
of the waves sometimes reach 200 miles. 

During the eleven years that seismographs have been 
in o eration a t  the.Volcano Observatory several earth- 

recorded. The one on September 7, 1918, in the Karn- 
chatka region, 3,200 miles away, caused a tidal wa.ve 
that did some minor damage in Hilo. The c.omputed 
velocity of this wave was nearly 8 miles per minute. 
Another on April 9, 1919, the origin of whwh appears 
to have been southwest of Hawaii, affected a lar e art 
of the Pacific Ocean. 
water between Hawaii and the origin, and the velocity 
of the sea wave to Honolulu was 4.7 milea per minute 
while the velocity to San Francisco was 5.9 niiles per 
minute. The mean depth of the ocean to the last-named 

p. gs. 

can be detected only % y tide-gages. The height of tlie 

qua K es that were followed by tidal waves have been 

There is considerable s BE a ow 

I Jour. col. Bel. Imp. Unit Tokyo,vol. 24,IQOS; also DavLwn, Munuul n/S~iamology.  

port is much greater than to Hawaii. The small tidal 
wave that followed the Chilean earthquake of November 
11, 1922, was predicted by T. -4. Jaggar, jr., marl 10 
hours in advance. The velocity of the waves to d o  in 
this case was 7.5 miles per minute. On April 13, 1923, 
a very small record of an earthquake was obtained about 
5:17 a. m. and a t  12:40 p. m. a small tidal wave occurred 
a t  Hilo. The record was too feeble to determine the 
distance, but from the time of the tidal wave the order 
of magnitude of the distance was computed to be near 
3,000 miles. Later reports from other stations make the 
ori in near Kamchatka, about 3,200 miles away. 

ft is usually impossible to make positive predictions of 
tidal waves from the records from one station, for even 
if the distance and general direction is known the dis- 
tribution of land is such that there is nearly always a 
doubt as to whether the break occurred on land or under 
the ocean. As the seismographs are inspected rather 
infrequently a quake might be recorded and the tidal 
wave occur before it was ascertained that there had been 
a quake unless a device is arran ed whereb a bell is 
made to ring whenever a quake is fwing recoAed 

The fact that the transit time of the first preimimry 
waves through the earth in minutes and seconds is very 
nearly equal to the transit time of the seismic sea waves 
in hours and minutes affords a uick means of predicting 

is on $e at this station showing the distance to most of 
the earthquake regions in the Pacific and the transit 
time of the sea waves from each re ion. The times were 

waves or computed from the above rule. 

the ap roximate t h e  of arriva 'f of the waves. A table 

obtained either from known qua a es that caused tidal 

C. E. P. BROOKS ON VARIATIONS IN T H E  LEVEL O F  T H E  CENTRAL AFRICAN LAKES, VICTORIA AND ALBERT' 

55/.48/ ( 9 4  By ALFRED J. HENRY 

[Weather Bureau, Washingtan, March 16. m1 
The o ening paragraph of this memoir contains the 

Ievel of these lakes changes in sympathy with changes in 
the spottedness of the sun. 

The evidence is presented both graphically by nieam 
of curves and dso by the statistical method using the 

fully sup ort the thesis. 

author gives 0111 

the mean monthly lake level by the formula 
and present the monthly values in Table 1. 

the single highest und lowest of these 

m a .  +min. 
2 

K key to t R e discussion, viz, the remarkable way that the readings for eiic month. I have calculated therefrom 

method of coml&ion coefficients, both of which Seem 60 TABLE 1.-Mean monthly level, Lake Victoria (in inches and lentha) 

Lake PT ictoria is situated between the meridians Of 

shore of the 18ke and elsewhere in Uganda. 

records and is consequently less reliable. 
part of the record consists of a smaller number 

gaaings made at  the eastern axtremitp of 
The determination of the lake 

gdf ,  a deep indentation of the northeastern 
1 -@lad MrrmoJrs No. 20, Alr Ministry, M~te~udoglcsl OfBce, London, 19%. 


